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In 1992



1992 GeoCam Goals

ááTo take high resolution images of theTo take high resolution images of the
earth in both visible light and infraredearth in both visible light and infrared

ááTo control the payload with the firstTo control the payload with the first
student operated POCCstudent operated POCC

ááTo design a system to closely match theTo design a system to closely match the
Skylab S190a camera systemSkylab S190a camera system

ááTo make direct comparisons betweenTo make direct comparisons between
GeoCam and Skylab images to measureGeoCam and Skylab images to measure
20 years of change20 years of change



Skylab (1973-1974)

qqFirst systematic photo-First systematic photo-
survey of the Earthsurvey of the Earth

qqPioneered multi-Pioneered multi-
spectral photographyspectral photography

qqTest bed for 1Test bed for 1stst

Landsat satelliteLandsat satellite

qqProvides the earliestProvides the earliest
baseline to measurebaseline to measure
environmental changeenvironmental change



S190a Camera System
qq Part of EREP (Part of EREP (EarthEarth

Resource ExperimentResource Experiment
Package )Package )

qq 6 highly modified6 highly modified
Hasselblad camerasHasselblad cameras

qq Multispectral systemMultispectral system
�� GreenGreen
�� RedRed
�� 2 –infrared2 –infrared
�� Infrared colorInfrared color
�� Natural colorNatural color

qq 36,000 images36,000 images

Columbia SCColumbia SC



GeoCam on STS-57

POCC in CharlestonPOCC in Charleston Interactive crew controlInteractive crew control



Results from GeoCam

ááTo take high resolutionTo take high resolution
images of the earth in visibleimages of the earth in visible
light and infraredlight and infrared

ááTo control the payload withTo control the payload with
the first student operatedthe first student operated
POCCPOCC

ááTo design a system to matchTo design a system to match
the Skylab s190a camerathe Skylab s190a camera
system parameterssystem parameters

rrTo make comparisonTo make comparison
between GeoCam andbetween GeoCam and
Skylab images to measure 20Skylab images to measure 20
years of changeyears of change



Mission Parameters

250 mile250 mile252 mile252 mile268 mile268 mileAltitudeAltitude

indefiniteindefinite10 days10 days171 days171 days
(manned)(manned)

durationduration

51.651.628.528.5oo5050ooInclinationInclination

ISSISSSTS-57STS-57SkylabSkylab



To Match Images

qqBy designBy design
ááAltitude/focalAltitude/focal

lengthlength

ááSpectrumSpectrum

qqBy time/luckBy time/luck
ááOrbital TrackOrbital Track

ááSun angleSun angle

ááWeatherWeather

San DiegoSan Diego

SkylabSkylab

STS-34STS-34

STS-39STS-39

STS-60STS-60



The Ideal PlatformThe Ideal Platform



Earth Imaging Programs

DownlinkDownlinkDownlinkDownlinkStoredStoredImagesImages

GroundGroundGroundGroundGroundGroundControlControl

R+G+B+2IRR+G+B+2IRRGBRGBRGB + 1IRRGB + 1IRBandsBands

2K x 2K2K x 2K
(per channel)(per channel)

2K x 3K2K x 3K
(composite)(composite)

Very High*Very High*ResolutionResolution

DigitalDigitalDigitalDigitalFilmFilmImage TypeImage Type

GeoCam GeoCam IIIIEarthKAMEarthKAMGeoCamGeoCam



y
Design

qq Standard Hitchhiker/GAS hardware andStandard Hitchhiker/GAS hardware and
specificationsspecifications

qq camera system in  HH/GAS five cubiccamera system in  HH/GAS five cubic
foot canister with MDA (motorized doorfoot canister with MDA (motorized door
assembly)assembly)

qq Fused silica window(s)Fused silica window(s)

qq Camera control uplinked through theCamera control uplinked through the
Hitchhiker control uplink, (RS-422 serialHitchhiker control uplink, (RS-422 serial
format (1200 baud) channel )format (1200 baud) channel )

qq Images downloaded through either theImages downloaded through either the
ISS MRDL (Medium Rate Data Link) orISS MRDL (Medium Rate Data Link) or
the HRDL (High Rate Data Link)the HRDL (High Rate Data Link)



Control System

Control Computer

IEEE 1394 Bus
Image Buffer

Upload - Commands
Download - Images

Mega pixel Digital Cameras

Red Green Blue 3 Color
targeting

Infrared 1 Infrared 2



300  -  400  -  500  -  600  -  700  -  800  -  900  -  1000
UV      Blue    Green    Red   PhotoIR  NearIR    IR

RGB Target CameraRGB Target Camera

IR1IR1BB GG RR IR2IR2

SkylabSkylab Band 6Band 6 Band 5Band 5 Band 1Band 1 Band 2Band 2

Band 4Band 4

Band 3 (color IR film)Band 3 (color IR film)

Band 1Band 1 Band 2Band 2 Band 3Band 3 Band 4Band 4 MoreMoreLandSatLandSat

SUNSUN

CCD SensitivityCCD Sensitivity

Human EyeHuman Eye



The value of infrared imaging
qq A primary remote sensing toolA primary remote sensing tool
qq Least affected by atmosphereLeast affected by atmosphere
qq Used to evaluate the total biomass and health ofUsed to evaluate the total biomass and health of

plant coverageplant coverage

qq Especially useful toEspecially useful to
quantify change overquantify change over
timetime

qq Example –Example –
Deforestation in theDeforestation in the
AmazonAmazon



Prototype

qqProof of concept testingProof of concept testing
qqDemonstration unitDemonstration unit
qqTraining ToolTraining Tool



Possible Flight Testing

downlinkdownlinkstoredstoredstoredstoredimagesimages

groundgroundCrew/autoCrew/autoautomaticautomaticcontrolcontrol

1500W1500W
suppliedsupplied

100W100W
suppliedsupplied

InternalInternal
batterybattery

powerpower

2048x20482048x2048
(5 band +RGB)(5 band +RGB)

1024x10241024x1024
(5 band +RGB)(5 band +RGB)

640x480640x480
(5 band +RGB)(5 band +RGB)

ResolutionResolution
(per band)(per band)



Building the Team

Even more than the original GeoCam in 1992,Even more than the original GeoCam in 1992,
GeoCam II will require participation by:GeoCam II will require participation by:

qq EducatorsEducators

qq InstitutionsInstitutions
�� National GeographicNational Geographic

�� National Science TeachersNational Science Teachers
AssociationAssociation

qq IndustryIndustry
�� Chroma Chroma FiltersFilters

�� Eastman KodakEastman Kodak

qq NASA CentersNASA Centers



From
Control
Room to
Classroom



The View from Space

qq DEFORESTATIONDEFORESTATION
qq URBANIZATIONURBANIZATION
qq SEDIMENT LOADSSEDIMENT LOADS
qq DESERTIFICATIONDESERTIFICATION
qq COASTAL EROSIONCOASTAL EROSION
qq LAKE LEVELSLAKE LEVELS
qq WETLANDSWETLANDS

Human actions that change the reflectanceHuman actions that change the reflectance
or color of the Earth’s surface can beor color of the Earth’s surface can be
recorded with space photographyrecorded with space photography



A quarter century of dramatic changes

Ice shelf meltingIce shelf melting

Man-madeMan-made
environmentalenvironmental

disastersdisasters

DeforestationDeforestation
El NinoEl Nino

DeforestationDeforestationCoral reef lossCoral reef loss

IndustrialIndustrial
wastewaste

Oil spillsOil spills

DesertificationDesertification

CoastalCoastal
erosionerosion

Volcanoes &Volcanoes &
EarthquakesEarthquakes



Other applications - Weather

Hurricane Dennis - 1999Hurricane Dennis - 1999



GeoCam II and Education

Provides stimulatingProvides stimulating
hands-on experienceshands-on experiences
for students andfor students and
teachers to interpretteachers to interpret
global environmentalglobal environmental
changeschanges



Student Goals

áá Investigate environmental change overInvestigate environmental change over
time using matched imagestime using matched images

ááCollaborate with leading ISS scientistsCollaborate with leading ISS scientists
ááExplore earth system science careersExplore earth system science careers

ááEngage in seriousEngage in serious
earth scienceearth science
researchresearch

ááUtilize newUtilize new
technologies in thetechnologies in the
classroomclassroom



Teacher Goals

ááPartner with students onPartner with students on
research projectsresearch projects

ááLearn new technologyLearn new technology
skills to use in theskills to use in the
classroomclassroom

ááApply remote sensing toApply remote sensing to
the teaching of earththe teaching of earth
sciencescience

ááAdvance their ownAdvance their own
professional growthprofessional growth



On the way to the Moon,
Man discovered the Earth


